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In the framework of simple assumption on factorizing a mixing of vector state with isoscalar 
components in effective amplitudes of isospin breaking caused by the electromagnetic quark current, 
a branching fraction of radiative J/'ip —* a-o transition is evaluated at the level of 3 • 10"'^. 
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I. INTRODUCTION 

Radiative decays of J/ip are considered as a source of 
gluon enhanced channels relevant to searching for glue- 
ball states predicted by QCD (see references in [1, 0]). 
This belief is based on the consideration of diagrams for 
the annihilation of charm-quarks composing the initial 
state as shovifn in Fig. [T^. The two-gluon state can fur- 
ther covert to both gluonic hadrons and light quarks (see 
Fig. [It), that produces the mixing of pure glueballs with 
the ordinary quark matter. A common belief stands that 
the photon coupling to light quarks causes the suppres- 
sion of amplitude by as due to the additional exchange 
by the hard gluon (see Fig. [TJ:), that yields the isoscalar 
dominance in the radiative J/V'-decays, since the contri- 
bution due to the electromagnetic current of light quarks 
causing the isospin breaking is suppressed. 

However, the exclusive branching fractions, in practice, 
are actually suppressed with respect to inclusive ones by 
an order of magnitude, in fact. Therefore, the yields of 
hadrons with large gluonic components in the radiative 
decays of vector charmonium could be of the same order 
as the yield of ordinary hadrons due to diagrams accom- 
panying one in Fig. [T}:. This point could be straight- 
forwardly checked by searching for the isospin breaking 
radiative decays. Indeed, the isospin breaking compo- 
nent of diagrams with electromagnetic current coupled 
to light quarks (Fig. [TJ;) does not interfere with the dom- 
inant contribution of isoscalar channel (Fig. [1^ and b). 
Therefore, one could test the magnitude of isospin break- 
ing channels by investigating the transitions to isotriplet 
scalar and pseudoscalar particles^ (the isospin T = 1). 
The transition to tt" is measured, and it is suppressed by 
two orders of magnitude in comparison with decays to 
isosinglet pseudoscalar particles, which can include large 
gluonic components. Then, the scalar channel is of inter- 
est. It could be represented by the J/^p ao7 mode, for 
instance. In the present paper we evaluate the branch- 
ing fraction of this channel in the framework of simple 
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^ Similar mechanism contributes to hadronic decays of J/ip and 
■0', if one considers the virtual photons as it was studied in 
wherein a role of isospin breaking was also emphasized. 



factorizing the isoscalar heavy-light mixing and electro- 
magnetic transition of isoscalar vector light-quark state 
into the isotriplet scalar. For this purpose in section HI] 
we analyze the effective couplings of the isosinglet vec- 
tor states with isotriplets ones and show that the current 
data on the radiative decays allow us to extract relevant 
mixing multiplied by form-factors in order to predict the 
widths of J/ip ao7. The result derived is discussed in 
section IIIIl 



II. EVALUATION 

Let us introduce effective dimensionless couplings F 
and F of vector isoscalar particle V = us, (j), J/ip with 
the neutral isotriplet pseudoscalar tt*^ and scalar ao in 
amplitudes of radiative decays as follows: 
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MiV^aoj) = ^ — Fy,„:r^.v^^ (2) 

where J'^i, is the strength tensor of electromagnetic field 



S^p^i, denotes its dual tensor 



qr _ rrafi 



while V^'' is the strength tensor of vector V^. For brevity 
we include the product of effective electric charges Qv 
and Q-j^O ao into the definition of couplings F and F. 
Then, we easily get the widths of decays 
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with fcg being the photon energy 
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FIG. 1: The annihilation in radiative decays of J/^})^■ a) the gluonic channel, b) the gluon conversion into light quarks in the 
isoscalar channel, c) the gluon conversion into light quarks with breaking oflt the isospin. 



The experimental values of measured branching frac- 
tions 3 approximately yield the effective couplings to 
the neutral pion^ 



F^^o = 1.86 ±0.03, 
F^^o 0.135 ±0.004, 
F^^o = (1.81 ± 0.36) 10-^ 



(5) 
(6) 
(7) 



that spectacularly shows order by order decreasing of 
effective couplings with stepping to more heavy vector 
state. Such the regularity can be understood in a simple 
manner. 

The diagram shown in Fig. [5] describes the mixing 
of vector isoscalar quark states in the lowest order of 
QCD coupling constant. Therefore, the mixing does ex- 
ist, though its evaluation is beyond the perturbation the- 
ory. The hierarchy of couplings in ([5]) -([7]) implies that 
we could represent the transition of more heavy states 
(j) and J /ip by the mixing with oj and further radiative 
decay, i.e. 



(8) 



The /C-factors include both the mixing amplitude and 
form-factors caused by the virtuality of w-propagation. 
Therefore, these factors cannot be straightforwardly ex- 
tracted from the phenomenology of w-^-mixing, say. 





In this way we find the /C-factors 
/C^^ = (7.2 ±0.2) 10-2, /C^„ = (10 ± 2) 10-^ (9) 



Supposing the same mechanism for the radiative decay 
to isotriplet scalar meson oq, we put 

Fvao = ^Vi^ F^ao} (10) 

while the experimental value of r((/) ao7) yields 

F^ao = 1-5±0.1, (11) 

that results in effective value of coupling for the kincmat- 
ically forbidden decay 



Fujao — 21 ± 2, 

as well as the quantity of interest 



F 



(20 ±5) 10"^ 
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Br{J/tlj ao7) = (3.1 ± 1.5) 10" 



(12) 
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where the uncertainty is dominated by experimental one 
in the measurement of radiative decays of J/ i/j to pion as 
well as (j) to oo, while the theoretical uncertainty could 
be additionally included ad hoc at the level of 20%, char- 
acteristic for the exclusive modelling the virtual process 
of mixing and form-factors. 



III. DISCUSSION AND CONCLUSION 



FIG. 2: The mixing of vector isoscalar quark states in the 
lowest order of QCD coupling constant. 



The values in lO— jTjl reproduce those of derived in |l| after ap- 
propriate rescaling in definition: g = F y/iira. 



The only experimental data available to the moment 
for the relevant process is presented by 

BriJ/iP 77r+7r-27r°) = (8.3 ± 3.1) 10"^ (15) 

that should be compared with expected 



Br{ J/^ jgq) X Br{aQ — > ry7r'^)x 
Br{rj — > Tr^TT^Tr*^) 



(0.7 ±0.4) 10' 
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while the neutral modes of r] decay in such final states of 
J/tp decay are not available yet. We see that the reso- 
nant ao-contribution due to the cascade decay with the 
77r+7r^27r'' final state could give about 10% of branching 
ratio summed over all modes as we expect. 

The main conclusion of estimate obtained is the follow- 
ing: the ordinary quark states could compose a consider- 
able fraction of radiative J/ip-decay in contrast to usual 
assumption on the enhancement of gluonic component. 
Moreover, the isospin breaking effects could be essential. 
Thus, the simple treatment of resonances in the scalar 
channel as the probable giueball states is under question. 

The critical point of estimate is the factorization of 
mixing form-factors and effective couplings. This sugges- 
tion is natural. The resulting mixing factors are small, 
that should support the assumption. However, the sup- 



pression of mixing could lead to the method suffers from 
small effects breaking the factorization. For instance, the 
light quark states, w, oq or cf) with the hidden strangeness 
could get a small admixture of four-quark states. Then, 
the admixture would break the factorization. Never- 
theless, we expect that the four-quark mechanism gets 
a significant suppression, since in the exclusive modes 
one should include the annihilation of additional quark- 
antiquark pair. Therefore, we expect that the method 
used is able to present the real estimate for the isospin 
breaking effect in the radiative J/'f/'-decay to ao- 
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